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t|� ^ t�{Rt7t|ozo��D= % � ��u�y!tvokq�u$w���o>wvp ^ wvu$pro>t|u3�Øw�{Rtvu!o>qLu$w ^ t�{Ro _ t|��wvo>s��>� ^`_ �(Ø� ����{Rt�y|������e{���wvu���se�Rt
{����~w ^ � qLu$w���o>wvp ^�_ y~u����Ø��t�{ � _ o¯t)y|�Ru ^ w��Ø� ^ t7tv��u!u _La 
�tvo�
�u _La � ^ q�qe��{ y ^ t�{Ro _ 
�tvo�
 ^ q�qe��{�y ^ t�{Ro _ o`�>u$wv��u ^>a
�Ò{¾�����Lu>�

Ò�e{ ��q ^ qLu$w�{���o>wv� ^`_ {�:$u a�^ ���Ùo`���Ro	�7�$�î� _ x>u�y~t�{Ro _ I ����u���w�{Ru��L��wvu$�¯{}u�� t|��ui�(Ø� ��t ^`_La�^ w a �
a u��|y~w�{��Lu�tv��uc� ^ w a � ^ w|u ^`_La ��o`��t�� ^ wvurtvu���t�u _ �¯{Rwvo _ pru _ t�� ^`_La �`{R�>u ^�_ oÕ�¯u$wv�>{Ru���o��)u ^ y|� �¢�I���U� _
x>u�y~t�{}o _ =��Øt|��u1u _La 
�t|o�
�u _La y~o¯prp&s _ { y ^ t�{Ro _ y|� ^ w ^ y~tvu$w�{ ��t�{�y$� ^ wvu�q�wvu���u _ tvu a ��o>w�tv��u½�Ùo>s�wc�¢�I����{ _
� ^ w�{Ro>sL�ry~o _ �L�>s�w ^ t�{Ro _ �¨� Ò��ukq�u$w��Ùo¯wvp ^`_ y~uco`�¢t���oD��u~����
P� _ o	� _ a {���t|w�{���s�tvu aC^ q�qe��{�y ^ t�{Ro _ �¨��q ^ w ^ ���Ru~�
����) ^�_La q ^ w ^ ���Ru~�7���À� ^ wvurq�wvu���u _ tvu a { _ x>u�y~t�{Ro _ C�� 4 { _L^ ���R�>����uky|�Roz��u7��{Rtv� ^ y~o _ y|�RsL��{Ro _C^�_LaÀ^
a {��vy~sL�|��{Ro _ o`����s�tvs�wvu3��o>w��<�
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� _ tv�e{��6��u�y~t�{Ro _ ����u��`{R�>u ^`_ o`�>u$wv�¯{}u�� o��<�(Ø�Ôtvu�y|� _ o`�Ro>�>�>� ^�_La t|��u _ka {��vy~sL�v�It|��u7y~o _ �L�>s�w ^ t�{Ro _ o`�
o¯s�wØu��Mq�u$w�{Rpru _ t ^ �I� ^ w a � ^ wvu ^`_La ��o`��t�� ^ wvu>� 4 { _L^ �¾�R�>�L��u¢q�wvu���u _ t ^ra u��vy~w�{Rq�t�{Ro _ o`�Itv��u¢��o>s�w a {���u$wvu _ t
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�(Ñ�à{�� ^ p�u$tv��o a ��o>w6tvw ^`_ ��qLo¯wvt�{ _ �¢{ _ ��o>wvp ^ t�{}o _ �e�rsL��{ _ ��� ��u a 
g�Ru _ �>tv�Py~u~����� + ;�=�oMy~tvu$t~��.<K�%e� !$'/M³�
��t�{��U� ^ ��u a o _ �>{Rwvtvs ^ �Ay|{Rw�y~se{Rt�
�o¯w�{Ru _ tvu a q ^ y��>u$t + o>wØy~u~���P.Ò�Q��{Rt�yv�e{ _ �L���îy~u~�¾�A{ _ y|�Rs a u�� ^ ; 
P�z�etvu���u ^>a u$w
^�_La ^ C&A	
P�z�etvu�{ _ �Ùo>w|p ^ t�{Ro _ q ^ �¯�}o ^>a �Ã� y~o _�_ u�y~t�{}o _ { a u _ t�{ �Lu$wQ�U�Ø�e{�yv�Cy~o _ ��{ ��t��&o`�¢�>{Rwvt|s ^ �7y|{}w~y~se{}t
{ a u _ t�{��Lu$w + �¢n6��. ^`_La �>{Rwvtvs ^ �6q ^ tv��{ a u _ t�{��Lu$w + �)�U��.�� {��¢qe� ^ y~u a { _ u ^ yv�Ãy~u~�¾����u ^>a u$w��0���u �)�U� ^`_La
��n6� ^ wvu�sL��u a ��o>w	páse�Rt�{Rqe�Ru��e{ _ ��� a u$p&se�}t�{}qe�Ru��e{ _ �L� ^`_La ����{Rt�y|�e{ _ �tv��uØy~u~������tv��wvo>s��>�&tv��u _ u$t���o>w��J� ���u
y~o¯prp&s _ { y ^ t�{Ro _ pro a u~�6o`�6�(Ø� {�� ^ � ^ �>u$wvu a ��tvwvsLy~t|s�wvu>���t�{ _ y|�}s a u��Ztv��u&q��z����{�y ^ �I� ^ �>u$w���t|��uá�(Ñ�
� ^ �>u$w�� ^`_La tv��u¢�(Ø� � a�^ q�t ^ t�{Ro _D�A^ �¯u$w + ��� � .~�

� V&S� "OQD���\L�á� \! <9#" �"���ucq��e����{�y ^ �Ø� ^ �>u$w&{�� ^ tvw ^`_ ��qLo>wvt&pru$t|��o a ��o>w&�(Ø� y~u~��� �R�Lu$t���u$u _ t���o
�(Ø�,
�u _ t�{Rt�{Ru��$���³t�q�wvo`�>{ a u���tv��u!q ^ wvt�{�y~se� ^ w¢q��e�M��{�y ^ �I{ _ tvu$w�� ^ y~u!�Ùo¯wvp ^ t + u>� �L�R��t|��urx>� _ yv��wvo _ o>sL�
>Øq�t�{�y ^ � �Ñu$t���o¯w�� + x > �F)(?.ro>w � �}o�y��în6o a u a 4 o>w|p ^ t�.��+x > � )@ a u�� _ u�� ^ ��t ^`_La�^ w a ��u$t
o`�)o¯q�t�{�y ^ ��{ _ tvu$w�� ^ y~u��!��o>w _ u$t���o>w��itvw ^`_ ��qLo¯wvt��i��t&{�� ^ �e{Ru$w ^ w�y|�z�Ão`�¢o>q�t�{�y ^ �7��{R� _L^ ����tv� ^ t ^ wvu
páse�Rt�{Rqe�Ru��¢o�� ^ � ^ ��{ y&��{R� _L^ �Gw ^ tvu¢o`�<; !>� A	Ck�,�e{Rt���-Õ��u�y!y ^ ���Ru a >¢n(
�! + >Øq�t�{�y ^ ��n ^ wvw�{Ru$w � u$�>u~� !	.~�
���u�>¢n(
G= + !/;�;��B;�I!�,�e{}t~��-Õ��u�y/. ^�_La >¢n(
�!$I +�J I�I��B'�A!�,�e{}t~��-Õ��u�y/.6� ^ �>uF�Lu$u _�a u���{R� _L^ tvu a½^ ��tv��u
y~sL��tvo>pru$w ^ y$y~u��v��w ^ t|u��	{ _ � 
��|xz���� ���u � �}o�y��cn6o a u a tvw ^`_ ��p&{��v��{Ro _ ��s � 
g� ^ �>u$w�{��(� ^ ��u a o _ tv��u
q��z����{�y ^ �J� ^ �¯u$w6tvu�y|� _ o`�Ro>�>� a u$�>u~�Ro>q�u a �Ùo>w 4 {��Lu$w�n6� ^`_�_ u~�Ix>t ^`_La�^ w a KB=/M³�I�½oz��t�o`�<tv��uÑ��s _ y~t�{Ro _ �
o`�Gt|�e{ �Ñ��s � 
g� ^ �¯u$w�{ _ �>o��}�¯u�>u _ u$w ^ t�{ _ � ^`_La q�wvo�y~u��v��{ _ �rtv��u¢o`�>u$w|��u ^>ac^`_La �(Ø� y~u~�¾�I��u ^>a u$w��U� _
y ^ ��uco`�3>¢n@
G=��Itv��u7� ^ s a w ^ t|ur{��1!$# CL� C '½�D� ^ s a o>w ^ q ^ �>�Ro ^¯a w ^ tvu�o`��!$;H;��B;�Ic�,�e{Rt���-Õ��u�y�o`�
�Ø�e{�yv� !�C #���% J �,�e{Rt���-`��u�yÑ{�� ^ � ^ {¾� ^ �e�Ru!��o>w�sL��u$w a�^ t ^ �

� �Y8 � \! <9#" � ���u��(Ø�Ô� ^ �>u$w6q�u$w���o>wvpk�Upáse�Rt�{Rqe�Ru��e{ _ � ^`_La�a u$p&se�}t�{}qe�Ru��e{ _ �ko`�"y~u~�����U�Lu~�Ro _ ��{ _ �
tvo a { ��u$wvu _ t _ u$t���o¯w��ry~o _�_ u�y~t�{Ro _ �$��t|w ^`_ ��� ^ t�{Ro _ o`��tv��u �¢n6� ^`_La �¢�I� ^ t6�(Ø� ����{Rt�y|��u��$�etvw ^`_ ��

p&{��v��{Ro _ o`�Øy~u~�¾��{ _ ��o>wvp ^ t�{}o _ q ^ �¯�}o ^>a tvo ^`_La ��wvo>p't|��ur�7� � � ^`_La ��s _ y~t�{Ro _ �!o`� �Lo	� y~o _ tvwvo��
^`_La tvw ^/6 yÑqLo`��{�y|{ _ �L�

� �Y8 �cfA\LT�$$\#$�D ?�:��R\! J9%" � ���u��(Ø� ^>a�^ q�t ^ t�{Ro _ � ^ �>u$wGy ^�_ �Lu���s�wvtv��u$w a {R�>{ a u a { _ tvoØt���o7��s � 

� ^ �>u$w~� ��tv��uk��u$�>p�u _ t ^ t�{Ro _i^`_La wvu ^ �v��u$p��e�R�i��s � 
g� ^ �>u$w + x>�¢�F. ^`_La tv��u�y~o _ �¯u$wv�>u _ y~ur��s � 
g� ^ �>u$w
+ nØx .��*���uPx>�¢�å��s � 
g� ^ �>u$w&qLu$w���o>wvpk��tv��uk��u$�¯pru _ t ^ t�{Ro _ o`�Øtv��u�t��zqe{�y ^ ���R� � ^ wv�>u a�^ t ^ q ^ y��>u$t��
�Ùwvo¯p tv��uØ�e{R�>��u$w�� ^ �>u$w��G{ _ tvo!�(Ø� y~u~��� � ^ t�tv��uØtvw ^`_ ��p&{Rtvt�{ _ �!u _Lak^`_La tv��u�{ _ �¯u$w���u�o>qLu$w ^ t�{Ro _k^ t
tv��u&wvu�y~u~{R�>{ _ ��u _La ��Ò��uknÑxk{��!��u$wv�¯{ y~u�
 a u$q�u _La u _ t ^`_La p ^ �cqLu$w���o>wvpà��s _ y~t�{Ro _ ����{��>urp�u��v� ^ �>u
{ a u _ t�{��<y ^ t�{Ro _ ^`_La t�{}p�u	-Õy|�RoMy���wvu�y~o`�>u$wv� ^ y$y~o>w a { _ �ctvoctv��ur��q�u�y|{ �<yc��u$wv�>{�y~u��$�0Ò��uáq�s�w|qLoz��u�o`�
tv��uk�(Ñ� ^>a�^ q�t ^ t�{Ro _ � ^ �>u$w + ��� � .�{ �ZtvoPq�wvo`�¯{ a u ^ ��{ _ ���Lu$t���u$u _ tv��uP��u$wv�>{�y~u��!wvu$2¯se{Rwvu a �e�
�e{}�¯��u$w _ u$t���o>w���� ^ �>u$w�� ^`_La tv��u��>u _ u$w�{ yÑ�(Ø� y~u~������sL��u a �e�át|��uØ�(Ø�+� ^ �>u$wQ� 4 {R�>u���u$wv�¯{ y~u�y|� ^ �v�
^ wvu��Lu~{ _ �P��t ^�_La�^ w a {�:$u a tvo�q�wvo`�>{ a u&tv��u���ur��u$w|�>{�y~u��$�3Ò��uknÑn6��� wvu�y~o>p�pru _La�^ t�{Ro _ ��o>w7�(Ñ�
��qLu�y|{��Lu��8�L�>u!�7� � q�wvo>t|oMy~o`����K !$#	ML�Ø�e{�yv� ^ wvu���{���tvu a�^ ����o`���Ro	�7� �

!¯���7� � ��zq�u0!F
Iq�wvo`�>{ a u��Øy~o _ ��t ^`_ t<�e{RtØw ^ tvu7��u$w|�>{�y~u��$�J��sLy|� ^ �Òtvw ^>a {Rt�{Ro _L^ ���>o�{ y~u¢t|w ^`_ ��p&{���

��{Ro _ �

I ���7� � 6�eqLu7I1
Øtvw ^`_ ��qLo¯wvt��¢� ^ w�{ ^ �e�Ru7�e{}t&w ^ tvu&�>{ a u$o ^`_LaÃ^ s a {Roc{ _ �Ùo¯wvp ^ t�{Ro _ � ^`_La �>u$u$qL�
tv��ut�{Rp&{ _ ��wvu~� ^ t�{Ro _ ��u$t���u$u _ ��o>s�w�y~u ^`_Laca u���t�{ _L^ t�{Ro _ �

= ���7� � ��eqLu3=�
���s�q�qLo¯wvt��Øy~o _�_ u�y~t�{}o _ 
�o>w�{Ru _ t|u a1a�^ t ^ ��u$wv�¯{ y~u ^`_La ��{}� _L^ ��{ _ ���

;
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��s�q�qLo>w|t��&y~o _�_ u�y~t�{Ro _ �Ru��v� a�^ t ^ ��u$wv�¯{�y~u�� + y~o>p��e{ _ u a ��{Rtv�Ã��� � ��eqLuD=
_ o�� .��

; ���7� � 6�eqLu�;�
Aq�wvo`�>{ a u�� ^ ��{Rprqe�Ru ^`_La u 6 y|{Ru _ t��(Ø� ^>a�^ q�t ^ t�{Ro _ � ^ �>u$w�tv� ^ t�y ^�_ �Lu�sL��u a
�Ùo>w8��w�{ a �>u aP^`_La wvo>s�tvu a �Uwvo>tvo�y~o`��� ^ t ^ � _ {Rt�� + ��� � .��

�Ñ�Rtv��o>s��>� �(Ø� _ u$t���o¯w��ctvu�y|� _ o`�Ro>�>��� ^ �Øo¯w�{R�`{ _L^ ���}� a u$�>u~�Ro>qLu a ��o>w¢q�s �e��{�yrtvu~�Ru�y~o>p�pás _ {�y ^ t�{}o _
_ u$t���o>w����ÑoÕ�¯u$w¢pru$tvwvo>q�o`��{Rt ^`_À^`_La ��{ a u ^ wvu ^ �¨�Jwvu�y~u _ t�{ _ tvu$wvu���t!� ^ �Ñ��oMy~sL��u a o _À^ q�qe�R�¯{ _ ��tv�e{���tvu�y|� 

_ o��}o¯�>�&tvo¢{ _ tvu$w�y~o _�_ u�y~t7y~o¯prq�s�t�{ _ �&wvu���o>s�w�y~u��@��{Rtv�e{ _P^ �}o�y ^ � ^ wvu ^ K J M³�	� _ tv�e{���q ^ q�u$w��&��uÑ{ _ �¯u���t�{R� ^ tvu
t|��u��Ùu ^ ��{��e{���{Rt��Po`�IqLu$w���o>wvpZ{ _ � _ u$t���o>w��ky~o>prq�s�t�{ _ ��o`�>u$wØ�(Ø� { _ �Ro�y ^ � ^ wvu ^ �
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Ò��u7u���qLu$w�{Rpru _ t�� a u��|y~w�{��Lu a ��u$wvu�qLu$w��Ùo>w|pru a o`�>u$w ^ � ^ w�{Ru$t��ro`�"��oz��t ^`_La�_ u$t���o¯w�� ^ w�y|�e{}t|u�y~tvs�wvu��$�
�Ñ{���u$wvu _ tk��oe��t ^ w�y|�e{Rtvu�y~tvs�wvu���tvu���tvu a { _ y|�Rs a uÃtv��uÃx>q ^ w�y !����x>q ^ w�y�I�� ^�_La C - J #�'�� ^ �¾�¢��wvo>p x>s _
��{�y~wvoz���M��t|u$pk�$� Th��u$wvuÑqLoz�v��{��e�Ru>�eu ^ y|� ^ w�y|�e{}t|u�y~tvs�wvu�� ^ �Atvu���tvu a ��{Rtv� ^ � ^ w�{Ru$t��&o`� _ u$t���o>w���{ _ tvu$w�� ^ y~u��$�
^�_La { _ tv��uy ^ ��u!o`�"�(Ø�Ã� �Ò{}t|� ^`_La ��{Rtv��o¯s�tØtv��u¢q�wvu���u _ y~u&o`� ^ �RoMy ^ � ^ wvu ^ ���Ò{}t~yv���

Ò��uc�(Ø� u _ �¯{Rwvo _ pru _ t0� ^ ��q�wvo`�>{ a u a �e�itv��uc�P� S7�vn + �½se�Rt�{ a {Rpru _ ��{Ro _L^ ���7q�qe��{�y ^ t�{Ro _ � ^`_La
SÑ{R� ^ �e{Rt�� _ tvu$w _ u$t���o>w��rn�o _ ��o>wvt�{}s�p .<K�!$A/MJq�wvo���u�y~t�� 4 o>w|u¢x>�M��tvu$pk�$�e� _ y`�U��oz��t ^¯a�^ q�tvu$w�� ^`_La �Ro�y ^ � ^ wvu ^
�Q��{Rt�yv��u�� ��u$wvu�sL��u a �(���uØ��oe��t ^>a�^ q�tvu$w~�A{ _ y|�Rs a u a½^ x>u$w�{Ru���
�!$'�' ^`_La x>u$w�{Ru���
GI�'H'�{ _ t|u$w�� ^ y~u��Ùo¯wItv��u¢x>s _
x � sL�$�@���u¢q��z����{�y ^ �Ipru a { ^ ��o>w��Lo¯tv�ctv��u&x>u$w�{Ru���
�!$'H' ^`_La x>u$w�{}u��Q
GI�'�' ^>a�^ q�tvu$w���{���tv��u0!/'�'&�D�e{Rt��E-Õ��u�y
A� �7��{ _ tvu$w�� ^ y~u +�4 �¢����� ��u$wáqe� ^`_ t ^`_La ��{R� _L^ �Øu _ y~o a { _ �À�|yv��u$pru	.~� ���u��RoMy ^ � ^ wvu ^ ���Ò{}t~yv� � ^ � ^
4 o>wvu��x��F
�!$'�' �

Ò��u¢x � � 
�!$'H'Ñ{ _ tvu$w�� ^ y~u +�4 {R�>s�wvu�I&.(K !$I/M � ^ � 4 o>wvu��è� �Lw���t�
��>u _ u$w ^ t�{}o _ ��oe��t ^>a�^ q�tvu$w ^�_La { _ tvu$w�� ^ y~u a
t|o7tv��u���oz��t ^ t	tv��uØy~u~�����Ru$�>u~�³�(���u�x>u$w�{Ru���
�!$'�' ^>a�^ q�tvu$wA{��Iy ^ q ^ �e�RuØo`�Lq�u$w���o>wvp&{ _ �¢tv��u��(Ø�ày~u~���L��u ^>a u$w
n��Øn½�>u _ u$w ^ t�{Ro _ -Q�>u$w�{��<y ^ t�{Ro _&^`_La tv��uI��� � =&-/C¢n��ÑnP�>u _ u$w ^ t�{Ro _ -��>u$w�{��<y ^ t�{}o _ �G�Ño	��u$�>u$w��$tv��uI��oe��tJ{��
w|u���qLo _ ��{��e�RuÑ�Ùo¯wItv��u�páse�Rt�{Rqe�Ru��e{ _ � - a u$p&se�}t�{�qe�Ru��e{ _ ��o`� �¢�I��- �¢n6� �è�$�>t|��uÒ��u$�>pru _ t ^ t�{Ro _r^`_La wvu ^ �|��u$p��e�}�
+ x>�)�F.�o`� ^>a�^ q�t ^ t�{Ro _ � ^ �>u$w~�$� ^`_Lai^`_ � _ o _ 
��7� � =&-$C�n��Ñn5�>u _ u$w ^ t�{Ro _ -Q�>u$w�{��<y ^ t�{Ro _ �DÒ��u���urt ^ �Q�M�
^ wvu�n�� � { _ tvu _ ��{R�>u ^`_La t|�zsL�Utv��u _ u$t���o>w��tv��wvo¯s��>��q�s�t��Lu�y~o>p�u��(��o>s _La u a �z�!tv��u¢n�� � qLu$w��Ùo>w|p ^`_ y~u
o��"tv��u��oe��t��
� _ y~o _ tvw ^ ��t��>t|��urx>u$w�{Ru���
GI�'H'&��oz��t ^¯a�^ q�tvu$w +�4 {R�>s�wvu3=&.FK�! J MJ{�� 4 o¯wvu��è����u�y~o _La �>u _ u$w ^ t�{Ro _ { _ tvu$w�� ^ y~u

^�_La sL��u�� ^`_ � _ t|u~�"{ # J ' ^ � ^`_ o _ ��o ^ w a q�wvo�y~u��v��o¯w�� ���u�{ # J '�t ^ �>u���o`�>u$wÑproz��tØo��6tv��u��� � ^�_La y~u~���
w|u~� ^ tvu a t ^ �����A{ _ y|�Rs a { _ ��tv��u¢x>�¢�3��s _ y~t�{Ro _ �U�Ùo¯w6��� � =&-$C ^`_La ��� � ;�� ^`_La y~u~�¾�	páse�Rt�{Rqe�Ru��e{ _ ���(T3{Rtv�
t|��ux>u$w�{Ru���
GIH'�' ^>a�^ q�tvu$w��¯tv��u���oz��t�{ _ tvu$w�� ^ y~u�� ^ t�tv��u�q ^ y��¯u$t6�Ru$�>u~�J��u$u a �U�¾{���t~��o`��o>s�tv�>o�{ _ �&q ^ y��>u$t�� ^`_La
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a s�qe�Ru����Lo¯wØp&se�}t�{ y ^ ��t��
� _ �(Ñ� �¢�I� ^`_La �¢n6� ^ wvu ^ �¾�Ro�y ^ tvu a �z�ctv��u _ u$t���o>w�� a s�w�{ _ �cy~o _�_ u�y~t�{Ro _ u���t ^ �e��{�����pru _ t��U���u
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�qLo`{ _ tro`�7y~o>prp&s _ {�y ^ t�{Ro _ {��
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�)� � ^ �&t���oÀy~o>prp&s _ {�y ^ t�{Ro _ pro a u��¨�Ø�	�¢� � + �6( 5 ��pro a u ^`_La �	�¢� � � � � ��4Ipro a u>� ���u

� a �¯{ ��uáp�o a u&��u$t��Ñs�q ^�a {}w|u�y~t3�n��hy~o _�_ u�y~t�{Ro _ �Lu$t���u$u _ t���oky~o>p�pás _ {�y ^ t�{ _ �cq�w|oMy~u��v��u�� + ��u$u 4 {R��

s�w|u ; .������u0�Øo>w|p ^ �Ipro a u&sL��u���t|��uáu��e{���t�{ _ � � �¢�hy~o _�_ u�y~t�{Ro _ � ^ pro _ �c�	�¢� a�^ u$pro _ q�wvo�y~u��v��u��$�
) ^ y|� ^ q�qe�¾{�y ^ t�{}o _ q�wvo�y~u��v�!y~wvu ^ tvu�� ^ �n���y~o _�_ u�y~t�{Ro _ ��{Rtv�½{Rt����Ro�y ^ � a�^ u$p�o _ q�wvoMy~u��|�$�0���u$wvu~��o>wvu>�
t���o1�n��5y~o _�_ u�y~t�{Ro _ � ^`_La t���o � �¢�5y~o _�_ u�y~t�{Ro _ � ^ w|urwvu$2¯se{}w|u a ��o>w ^ �e{�
 a {Rwvu�y~t�{Ro _L^ �)y~o>prp&s _ {�y ^ 

t�{}o _ ��u$t���u$u _ t���o ^ q�qe��{�y ^ t�{Ro _ q�wvo�y~u��v��u�� + ��u$u 4 {R�>s�wvu";&.~�����u$w|u&{�� _ o a {Rwvu�y~t&y~o>prp&s _ {�y ^ t�{Ro _ ��{ _ �
��u$t���u$u _P^ q�qe�¾{�y ^ t�{}o _ q�w|oMy~u��v��u�����o>wØ�	�¢� �Øo>w|p ^ ��pro a u>�
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p�o a u¢sL��u a ��u$wvu ^ wvu _ o¯tØu��Mqe��{�y|{Rt��R��pru _ t�{}o _ u a { _ tv��u�
�)� p ^�_ s ^ �³�

� � #á���>�����z�Ñ#á� ����� �'��#r��-6.��	����# ���á.Ø�A.Ø-I�����	�����	��-6�

� _ tv�e{��&��u�y~t�{Ro _ ����urq�wvu���u _ t&tv��u�u _La 
�tvo�
�u _La y~o>p�pás _ {�y ^ t�{}o _ yv� ^ w ^ y~tvu$w�{���t�{�y$�!o`����o>s�w&�)�U���$�½�
��{}p�qe�}u&y|��{}u _ t�-Õ��u$wv�>u$wØu�y|��o ^ �R�>o>w�{}t|��p � ^ �U{}p�qe�}u$p�u _ tvu a sL��{ _ �ku ^ yv�c�¢�I��tvo&pru ^ ��s�wvu�{Rt��Òu _La 
�tvo�
�u _La

!$I



q�u$w���o>wvp ^`_ y~u>�FU��okq�u$w���o>wvp ^`_ y~u!pru ^ ��s�w|u$pru _ t~� ^ w|usL��u a tvocyv� ^ w ^ y~tvu$w�{�:$u&tv��u&y~o>prp&s _ {�y ^ t�{Ro _ y ^ 

q ^ �e{¾��{Rt�{Ru��$�8> _ uØ{��Utv��u7y~o>prp&s _ {�y ^ t�{Ro _ � ^ tvu _ y~� + � ^ tvu _ y~�!{���u���qLu�y|{ ^ ���R��{}p�qLo>wvt ^`_ t��Ñ��u _ tvw ^`_ ��p&{Rtvt�{ _ �
����o>wvt	pru��v� ^ �¯u���.�� ^`_La tv��u�o>tv��u$wA{ �	t|��u�p ^ �z{Rp&s�p ^ y|�e{Ru$� ^ �e�Ru7y~o>p�pás _ {�y ^ t�{}o _ tv��wvo>s��¯��q�s�t + t|��u�p ^ � 

{Rp&s�p ^ yv�e{Ru$� ^ �e�Ruktv��w|o>s��>��q�s�tÑ{ �Ñ{Rprq�o>wvt ^�_ tÑ�Ùo¯w ^ q�qe��{�y ^ t�{Ro _ � �Ø�e{�yv� p ^ �kwvu$2¯se{Rwvurtv��u!tvw ^`_ ��p&{��v��{Ro _
o�� ^ � ^ wv�>u!�>o`�Rs�pru¢o`� a�^ t ^ .��

) ^ y|��¢�I�Jwvu$q�wvu���u _ t��Aq�wvo>�>w ^ prp&{ _ � ^ t ^�a { ��u$wvu _ tIy~o>prp&s _ {�y ^ t�{Ro _ q�wvo>tvo�y~o`�>� ^ �>u$w + ��u$u 4 {R�>s�wvu�!	.~�
4 o>wvu��è���¢�I�Ñ{���{}p�qe�}u$p�u _ tvu a o _ tvo>q�o`�Øtv��ur�(Ñ� ^>a�^ q�t ^ t�{}o _ � ^ �¯u$w��r��tq�wvo`�¯{ a u�� ^ � ^ �Ptvo�yv��oeoz��u
u~{Rtv��u$w!�7� � = -$Cko¯w¢�7� � ; ^ �Ñ{Rt���s _La u$w��}�¯{ _ �iy~o>prp&s _ {�y ^ t�{Ro _ q�wvo¯tvoMy~o��E�&� _ tv��u&� _ tvu$w _ u$t a o>p ^ { _ �
t|��u � xz�î��oMy��>u$t�{ _ tvu$w�� ^ y~u�{�����se{��Rt¢o _ tvo>q�o`�Iu~{Rtv��u$w?)n��U-����	� � �¢� -����	��o¯w�t|��u¢w ^ ����o�y��>u$tQ� 4 o>wØtv��u
��tvwvu ^ p ��o�y��>u$t�� )n��U-�����{���u$prqe�Ro`�>u a �z� a u~� ^ se�Rt�� 4 o¯w6��� o`�>u$w6�(Ñ�àu~{}t|��u$w���� � = -$Co>wI��� � ;!y ^`_
��u6sL��u a tvoØu _ y ^ qL��se� ^ tvu����½q ^ y��>u$t��$�	�Øo	��u$�>u$w��~{ _ o>s�w�u _ �¯{}w|o _ pru _ t��`�7� � ;�{��Atv��u a u~� ^ se�Rt ^¯a�^ q�t ^ t�{Ro _
� ^ �>u$wÑ�Ùo¯w7tvw ^`_ ��p&{Rtvt�{ _ �����hq ^ y��>u$t~�Øo`�>u$wØ�(Ñ� _ u$t���o>w����$�����ur�	�¢� pru��|� ^ �>u!q ^ �v��{ _ ����{���w ^ wv�½sL��u��
� xz�5��o�y��>u$t~� ^ �G{}t~�6s _La u$w��}�¯{ _ �,y~o¯prp&s _ { y ^ t�{Ro _ � ^ y|{¾��{Rt��>�6�¢����u�qLo`{ _ tvu a o>s�tU{ _ x>u�y~t�{}o _ I��B=�� C��>�	�¢�
� ^ �Øt���oky~o>prp&s _ {�y ^ t�{Ro _ pro a u��$�J� a �>{���u ^`_La �Ño>wvp ^ �E�F���u&q�wvo>tvo�y~o`�Gy~o¯p��e{ _L^ t�{}o _ � _ u$u a u a �Ùo¯w ^`_
^ q�qe�¾{�y ^ t�{}o _ sL��{ _ �P�
�)� tvo>t ^ ���R� a u$qLu _La ��t|��u ^ �v��s�pru a �	�¢�'p�o a u>��x>s _ �Ñ��n�- �¢�¢� { � ^ ����o7��se{��}t
o _ tvo>q�o`��tv��u � xz� x>o�y��>u$t�{ _ tvu$w�� ^ y~u>�()	{Rtv��u$w��n��U-����io>w � �¢�U-����Ày ^�_ ��uyv��oz��u _,^ �U{Rt���s _La u$w��R�¯{ _ �
y~o¯prp&s _ { y ^ t�{Ro _ q�wvo¯tvoMy~o��E�e��o	��u$�>u$w���u¢o _ �R��u$� ^ �Rs ^ tvu a x>s _ �è�Ñ�Ø��n�- �)�¢� q�wvo>tvo�y~o`��sL��{ _ �1�n��U-Q���	�

Ò��u � xz� x>oMy��>u$t&{ _ tvu$w�� ^ y~uc{��&sL��u a �e���Lo>tv�C�
�)� ^`_La x>s _ �ã�k�Ø�Òn�- �¢�¢� ^ �!{Rt���s _La u$w��R�¯{ _ �
{ _ tvu$wvq�wvo�y~u��v�	y~o>prp&s _ {�y ^ t�{Ro _ pru�y|� ^`_ {���pP�����u�y~o>prp&s _ {�y ^ t�{Ro _ qLu$w���o>wvp ^`_ y~u6o`��tv��u���oMy��>u$tJ{ _ tvu$w�� ^ y~u
� ^ � ^ ��{}� _ { �<y ^�_ tU{}p�q ^ y~t"o _ tv��u�qLu$w���o>wvp ^�_ y~u�o�� �
�)� ^�_La x>s _ �Ø��n8- �)�¢�������u$w|u~�Ùo>w|u>�$��u�y ^ wvu~�Ùse���R�
u�� ^ p&{ _ u a tv��u�u _La 
�tvo�
�u _La yv� ^ w ^ y~tvu$w�{���t�{�y$��o`�"��tvw|u ^ p ��o�y��>u$t~� + ��u$u�x>u�y~t�{Ro _ = �BI&.�� Tiu ^ � ��oá��tvs a {Ru a tv��u
q�u$w���o>wvp ^`_ y~u!o`�Itv��ut���or�	�¢� y~o>prp&s _ {�y ^ t�{Ro _ pro a u��Ò{ _ x>u�y~t�{Ro _ =��B=��(Ò��uqLu$w��Ùo>w|p ^`_ y~uo�� 4 o>wvu��è�
�¢�I��sL��{ _ �k��� � =&-/C ^�_La ��� � ;Zq�wvo>tvo�y~o`����{��Øq�w|u���u _ t|u a { _ x>u�y~t�{Ro _ =�� CL�
�Ñ�Rtv��o>s��>� tv��u$wvu ^ wvu&p ^`_ �cqLoz�v��{��e�Ru�q�wvo>tvo�y~o`�Gy~o¯p��e{ _L^ t�{}o _ � ^ �Ò{ _La { y ^ tvu a { _ 4 {R�>s�wvu1!>� ��u���u$wvu

��qLu�y|{��<y ^ ���R�P{ _ tvu$wvu���t|u a { _ tv��u��L�¯u¢q�wvo>tvo�y~o`�"y~o>p��e{ _L^ t�{Ro _ �Ò�¾{���t|u a �Lu~�Ro	��

!¯� 4 o>wvu&x>����tvu$p����(Ø� �)�U��oÕ�¯u$w��(Ñ�'��� � =&-/C
I � 4 o>wvu&x>����tvu$p����(Ø� �)�U��oÕ�¯u$w��(Ñ�'��� � ;
= � � xz�+x>tvwvu ^ p���o�y��>u$tØo`�>u$w��n�� -���� oÕ�¯u$w��(Ñ�'��� � ;
C��Ø�	�¢�'� a �¯{ ��upro a usL��{ _ �½x>tvwvu ^ p���o�y��>u$t���o`�>u$w��(Ø� ��� � ;
; ��x>s _ �Ø�Òn�- �¢�¢��sL��{ _ �½x>tvwvu ^ p���o�y��>u$t���o`�>u$w��(Ø� ��� � ;

Ò��u¢qLu$w���o>wvp ^�_ y~uy~o>prq ^ w�{���o _ o`�"tv��uF�L�>u a {���u$wvu _ tØq�wvo>t|oMy~o`�"y~o>p��e{ _L^ t�{Ro _ ��{ �Òq�wvu���u _ tvu a { _ x>u�y�

t�{}o _ =�� CL� 4 o>w�y~o _ �>u _ {Ru _ y~uo��mq�w|u���u _ t ^ t�{Ro _ �&��uØ� ^ �>u a u�� _ u a t|��wvu$uØqLu$w��Ùo>w|p ^`_ y~u�pru$tvw�{�y$��tvory ^ q�tvs�wvu
t|��uáu _La 
�t|o�
�u _La qLu$w��Ùo>w|p ^`_ y~uky|� ^ w ^ y~t|u$w�{���t�{�y$�$��x`{ _ y~uc��tvw|u ^ p ��oMy��>u$t�� ^ w|u ^ � ^ {�� ^ �e�}u�o _ � ^ w�{Ro>sL� _ u$t�

��o>w��M�$�A{Rt&{�� ^ �¯ozo a y ^`_La { a�^ tvu½tvo��LuPsL��u a tvoiy~o>prq ^ wvuct|��ucqLu$w���o>wvp ^�_ y~uco`�7tv��u���u _ u$t���o>w����$� � _
x>u�y~t�{}o _ =��B;V��u¢y~o>prq ^ wvu¢t|��u¢qLu$w���o>wvp ^�_ y~u¢o`�U��tvwvu ^ p���o�y��¯u$t���oÕ�¯u$w 4 �¢���~� )It|��u$w _ u$t ^`_La �(Ø� _ u$t�

��o>w��M�$�����ucq�u$w���o>wvp ^`_ y~u½o`�¢�(Ø� p ^ ���Lu a { ��u$wvu _ t��Ùo>w a {���u$wvu _ tk��oz��trp ^ y|�e{ _ u�� ^`_La { _ tvu$w�� ^ y~u
y ^ w a �$�(���u$w|u~�Ùo>w|u>�e{ _ x>u�y~t�{Ro _ =�� J ��uy~o>prq ^ wvu¢t|��uqLu$w��Ùo>w|p ^`_ y~u¢o`�Itv��u¢�(Ø� ��� � ;&q�wvo>t|oMy~o`��o`�>u$w
��u$�>u$w ^ � a {���u$wvu _ tÑ��oz��tØp ^ yv�e{ _ u�� ^`_La { _ tvu$w�� ^ y~uy ^ w a �$�

!$=



Echo Client Process:
Begin

Initial setup;
Prepare buffer;

Begin
Start timer;

Stop timer;
End
Processing timing statistics;

End

Echo Server Process:

Do forever

Begin
Initial setup;
Prepare buffer;

End

Begin

End

Transmission
Send M bytes packet;
Receive M bytes packet; Send M bytes packet;

Receive M bytes packet;

Actual Message

Do N Iterations

4 {R�>s�wvu J �I�6��u$s a ocy~o a u����Ùo¯wØu�yv��o���u$wv�>u$w ^�_La y|�¾{Ru _ t¢q�wvo�y~u��v��u��

� ��� � ���� � ���
	���� 

4 {R�>s�w|u J ����o	�7�Ñtv��u&qL��u$s a oPy~o a uáo��6tv��uáy|��{Ru _ t ^`_La ��u$wv�>u$w�u�y|��okq�wvo�y~u��v��u��¨�?Ò��uZy|��{Ru _ tá��u _La � ^
� 
P�e�ztvu�pru��v� ^ �>u�tvo&tv��u��u$wv�>u$w ^`_La � ^ {Rt���tvo&wvu�y~u~{R�>u!tv��u � �e�zt|u7pru��|� ^ �>u�� ^ y��J�5Ò��uy|�¾{Ru _ t�-Õ��u$w|�>u$w
{ _ tvu$w ^ y~t�{}o _ {Rtvu$w ^ tvu���� t�{}p�u��$�7Tiur� ^ t|��u$w¢tv��urwvo>s _La tvw�{Rqit�{Rp&{ _ �½�Ùo¯w¢u ^ yv� {}t|u$w ^ t�{Ro _ { _ tv��uky|��{Ru _ t
q�w|oMy~u��v�¨�����u&t�{Rp&{ _ ����t ^ wvt~���Ø��u _ tv��ury|��{Ru _ tr��u _La ��t|��u � �e�zt|uáp�u��v� ^ �>u!tvoctv��ur��u$wv�¯u$w�� ^`_La u _La �
�Ñ��u _ tv��uáy|��{Ru _ t�wvu�y~u~{R�>u�� � �e�etvu���o`�Itv��u¢wvu���q�o _ ��u!pru��v� ^ �¯u>�

Ò��urtvo>t ^ �"wvo>s _La 
�tvw�{}q t�{Rpru&{�� ^ ��u�y~tvu a �e�Ptv��u&tv��u&q�wvo¯tvoMy~o�����t ^ y��<��tv��u a u$�¯{ y~u a w�{R�>u$w��Atv��u&��oz��t
{ _ tvu$w�� ^ y~u>�J��{R� _L^ �Iq�wvo>q ^ � ^ t�{Ro _ � ^�_La ����{Rt�y|�Pw|o>s�t�{ _ �L� Ò��uáu�y|��o�q�wvo>�>w ^ på{���sL��u a ��o>w�pru ^ ��s�w�{ _ �ctv��u
u _La 
�t|o�
�u _La y~o>prp&s _ {�y ^ t�{Ro _ � ^ tvu _ y~��tvo ^ �>o`{ a t|��u7q�wvoH�e�}u$pÔo`�"��� _ y|��wvo _ {�:~{ _ �cy|�}o�y��M�U{ _ t���o a {���u$wvu _ t
p ^ yv�e{ _ u��$�F���uáy~o¯prp&s _ { y ^ t�{Ro _ � ^ tvu _ y~�c��o>w7��u _La { _ � ^ � 
P�e�etvu&pru��v� ^ �¯uy ^`_ ��uáu���t�{Rp ^ tvu a½^ �Ø� ^ �¾�
o���tv��u&tvo>t ^ �Gw|o>s _La 
�tvw�{Rqit�{Rpru>�0Ò��uZy~o¯prp&s _ { y ^ t�{Ro _ tv��wvo¯s��>��q�s�t¢{��y ^ � y~se� ^ t|u a �z� a {R�¯{ a { _ ��I�� �
�e��tv��u¢wvo>s _La 
�tvw�{}q½t�{Rpru + ��{ _ y~u�I�� � �z�etvu���o��Gpru��|� ^ �>u¢� ^ �>uF�Lu$u _ q��e�M��{�y ^ ���R�Pt|w ^`_ ��p&{Rtvt|u a .��
� _ o>s�w&u _ �¯{Rwvo _ pru _ t��It���o�x>s _ C - J #�'>� ^ wvurq��e�M��{�y ^ ���R�Cy~o _�_ u�y~tvu a t|o ^ �RoMy ^ ���(Ø� _ u$t���o¯w��<� ^

4 �¢���&w�{ _ �L� ^`_La ^`_ )Itv��u$w _ u$tQ��x>u$�>u$w ^ �u��Mq�u$w�{Rpru _ t��1��u$wvuiy~o _La sLy~tvu a o _ tv��uÃx>s _ C - J #�'>�$� � _
x>u�y~t�{}o _ =��BI ^`_La = � J ��x>s _ �è��x>q ^ w�y�! �� ^`_La x>q ^ w�yDI�y~o>prq�s�t|u$w�����u$wvu ^ ����oisL��u a tvo�pru ^ ��s�wvuPtv��u
y~o¯prp&s _ { y ^ t�{Ro _ q�u$w��Ùo¯wvp ^`_ y~u!o`�Gt|��u � xz� ��o�y��>u$t�� ^`_La14 o>wvu��è�Ò�)�U��� TC{Rtv�½tv��u¢u��Ly~u$q�t�{Ro _ o`�U��u$�>u$w ^ �
u���qLu$w�{}p�u _ t��Ñ{ _ x>u�y~t�{Ro _ =�� J ��u ^ y|�D��o>w�����t ^ t�{}o _ � ^>a�^"4 o>wvu&x>����tvu$pk� �Ax>u$w�{Ru���
GI�'H'�{ _ tvu$w�� ^ y~u ^`_La � ^ �
y~o _�_ u�y~tvu a tvo&pro a se�}u3' + �Ò{}t|�1Cáq�o>wvt���o`�U!$'�'&�,�e{}t~��-Õ��u�yF�� ���I{ _ t|u$w�� ^ y~u	.6o`�"tv��u¢�½��S7�|n �x��F
�!$'�'
�(Ñ������{Rt�y|��� � _ �Ru��v�&u���qe�¾{�y|{Rt��R�Cp�u _ t�{Ro _ u a �Utv��uko¯qLu$w ^ t�{ _ �i������tvu$p sL��u a �z� x>s _ ��o>w��M��t ^ t�{Ro _ �Ñ{��
x>s _ >¢x1CL��!¯�BI�� 4 o>w�tv��u�(Ñ� y~o _�_ u�y~t�{Ro _ �$�Jt|��u�Ru _ �>t|�1o��Gtv��u&p&se�Rt�{�
�pro a u J I��B;&p&{�y~wvo _ � ��u$w¢o>q�t�{�y
y ^ �e�}uV� ^ �U�}u��|�Øtv� ^�_ I�'&pru$tvu$w~�$�

Ò��uát�{}pZ{ _ ��{ _ ��o>wvp ^ t�{Ro _ � ^ �7y~o`���Ru�y~tvu a ��wvo>pàtv��u&u�y|��ocq�wvo>�>w ^ pP�7�Ño	��u$�¯u$w�� ��u!�Ùo>s _La tv� ^ t7tv��u
t�{}p�u1w|u$2>se{Rwvu a tvo ��u _Lah^`_La wvu�y~u~{R�>u�tv��u,�Lw���t�pru��v� ^ �>uPt ^ �>u��rp&sLy|� �Ro _ �>u$wct|� ^`_ tv��ui��s �L��u$2>s�u _ t
t|w ^`_ ��p&{��v��{}o _ �$��� _ tv��ury ^ ��uáo��6�7� � =&-$C ^`_La �7� � ;�tv��u&t�{Rp&{ _ � a {���u$wvu _ y~u0�Lu$t���u$u _ tv��uV�Lw���t ^`_La
o¯tv��u$w��Ñ{�� ^ wvo>s _La !/'ctvo�!$;�p&{����¾{���u�y~o _La �$� 4 o>w��tvw|u ^ p ��o�y��>u$t��J{Rt�{ � ^ w|o>s _La =�'�tvo,C '�p&{�����{ ��u�y~o _La �$�
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4 {R�>s�w|u�% �����u� ^ w�{ ^ t�{Ro _ o`�"wvo>s _La 
�t|w�{RqPt�{Rp&{ _ ���M��q ^ y��>u$t���{�:$u¢��o>w3!$'�'&� ^ prqe�Ru��ØsL��{ _ ���(Ø� �7� � ;

4 s�wvtv��u$w&��tvs a �½{��w|u$2>se{Rwvu a tvoc��se���R�Às _La u$w���t ^`_La tv��ucy ^ sL��u���o`�Øtv�e{��!u��mu�y~tQ�"T ur� ^ �>u _ o>t�{ _ y|�Rs a u a
t|��u��Lw���t�u�y|��oct�{Rp&{ _ ��{ _i^`_ �co`�6tv��u&y ^ ��y~se� ^ t�{Ro _ �¢o��6u _La 
�tvo�
�u _La y~o>p�pás _ {�y ^ t�{}o _ � ^ t|u _ y~� a u��vy~w�{���u a
{ _ tv�e{��Ø��u�y~t�{Ro _ �

4 o>w	u ^ yv�1!$'H'Øt�{Rp&{ _ �� ^ prqe�Ru��6y~o`���Ru�y~tvu a ����u�sL��u�tv��wvu$uØ��t ^ t�{���t�{�y$�Atvo7w|u$q�wvu���u _ tItv��uØy~o>prp&s _ {�y ^ t�{Ro _
y|� ^ w ^ y~tvu$w�{���t�{�y$� �i� ^ prqe�Ru1p ^ �z{Rp&s�pP��� ^ prqe�Ru�pru ^`_ � ^`_La � ^ prqe�Ru1pZ{ _ {Rp&s�pP� x ^ prqe�Ruip ^ �z{Rp&s�pk�
^�_La p&{ _ {}p&s�pk�Zwvu$q�wvu���u _ trtv��u1��o>w���t ^�_La tv��u1�Lu���t�o`�)y~o`���Ru�y~tvu a t�{}pZ{ _ �e�$��wvu���q�u�y~t�{R�>u~�R�>� � o>tv� ^ wvu
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(a) Striped Partition (b) After Distribution (c) After Computation (d) Result Collected
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(a) Mesh points inside the unit square (b) Partitioned by 2-D mesh
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